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STATEMENT OF THE REAL PARTIES IN INTEREST 



The real party in interest in this application is Cambrex Bio Science 
Nottingham, Ltd., the assignee of the application. Cambrex Bio Science 
Nottingham, Ltd. has changed its name to Lonza Nottingham, Ltd. and is a wholly 
owned subsidiary of Lonza Group Ltd. 

STATEMENT OF RELATED CASES 

There are no related cases, including any pending appeals, interferences, or 
judicial proceedings. 



STATUS OF CLAIMS 

Claims 1-34 and 44-54 are pending. Claims 1-34 and 44-54 stand finally 
rejected and are the subject of this appeal. Claims 35-43 have been cancelled. 
Claims 1, 32, 33, 49, 50, 51, and 54 are the independent claims. The remaining 
claims are dependent either directly or indirectly on these claims. Appellants 
appeal the rejection of all of the finally rejected claims. Appendix 1 presents a 
copy of the claims involved in this appeal. 
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STATUS OF AMENDMENTS 



No amendments to the claims have been made subsequent to final rejection. 
Appendix 1 provides a copy of the claims as they were pending at the time of the 
final rejection. 1 A Jurisdictional Statement also is appended as Appendix 4. 
SUMMARY OF CLAIMED SUB JECT MATTER 
The independent claims, i.e., claims 1, 32, 33, 49, 50, 51, and 54, are 
directed respectively to a method for detecting the presence of contaminating 
mycoplasma in a test sample (claim 1); to a process for treating a cell culture to 
remove mycoplasma contamination (claim 32); and to various methods for 
detecting the presence of contaminating mycoplasma in a test sample (claims 33, 
49, 50,51 and 54). 

Annotated Summaries for Independent Claims 1. 32. 33. 49, 50, 51 and 54: 

Independent Claim 1 embraces a method for detecting the presence of 

1 Claim 52 has a minor informality that needs correction in any proceedings 
following this appeal. Four lines from the end of claim 52, “ration” should be 
“ ratio .” 
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contaminating mycoplasma (page 2, lines 2-5) 2 in a test sample in which a test 
sample (page 6, lines. 28-29; page 14, lines 17-19; and page 15, line 1 to page 16, 
line 30) is provided and then the activity of an enzyme selected from the group 
consisting of acetate kinase, carbamate kinase, and a mixture thereof is detected 
and/or measured in the test sample (page 7, line 26 to page 8, line 7; page 12, lines 
22-31; page 13, lines 5-6; Table 2, page 13; page 21, lines 14-19), the 
measurement of that activity being indicative of the presence of contaminating 
mycoplasma (page 7, lines 5-8; page 21, lines 1-3). On the basis of that detection 
and/or measurement of activity one identifies the test sample as contaminated with 
mycoplasma (page 7, lines 9-10; page 21, lines 1-7; Figures and 2). 

Independent Claim 32 embraces a process for treating a cell culture to 
remove mycoplasma (page 2, lines 2-5) contamination which involves treating a 
mycoplasma contaminated cell culture with an agent to remove and/or destroy 
mycoplasma (page 18, lines 3-9; page 18, line 1 1 to page 19, line 12; page 22, line 
16 to page 23, line 9 and Figure 3); and then subsequently testing a sample from 
the culture for mycoplasma contamination using the method of Independent 

2 The page references throughout the brief are to the specification as originally 
filed. 
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Claim 1 or dependent Claim 2; and if necessary, repeating the process of treating 
one or more times until mycoplasma contamination is not detected in a sample 
(page 18, lines 6-9; Example 2 and Figure 3). 

Independent Claim 33 embraces a method of detecting the presence of 
mycoplasma (page 2, lines 2-5) in a test sample (page 6, lines. 28-29; page 14, 
lines 17-19; and page 15, line 1 to page 16, line 30) in which ATP is detected or 
measured in a test sample without adding an exogenous reagent (e.g., substrates for 
kinase activity) to convert ADP to ATP, and the ATP is detected or measured in 
the test sample using a bioluminescent reaction to obtain an ATP and/or light 
output measurement (page 17, lines 6-9; page 20, lines 26-30; page 24, line 1 1 to 
page 25, line 18). A measurement of ATP and/or light output also is obtained from 
a corresponding control sample (page 17, lines 10-11 and lines 20-24; page 20, 
lines 26-30; and by determining the ATP and/or light output measurement ratio as 
(ATP and/or light output measurement from the corresponding control 

sample)/(ATP and/or light measurement from the test sample) (page 17, line 12; 
page 21, lines 1-7; page 34, line 39 to page 35, line 31), one identifies whether the 
test sample is contaminated with mycoplasma by determining whether the ratio of 
(ATP and/or light output measurement from the corresponding control 
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sample)/(ATP and/or light measurement from the test sample) is greater than one 
(page 17, lines 13-14; page 21, lines 1-7). 

Independent Claim 49 relates to a method of detecting the presence of 
contaminating mycoplasma (page 2, lines 2-5) in a test sample (page 6, lines 28- 
29; page 14, lines 17-19; and page 15, line 1 to page 16, line 30) where the test 
sample is treated under a condition sufficient to lyse contaminating mycoplasma in 
the sample but insufficient to lyse bacterial cells (page 10, lines 12 to page 11, line 
5; page 29, line 15 to page 32, line 13) and then the activity of an enzyme selected 
from the group consisting of acetate kinase, carbamate kinase, and a mixture 
thereof is then detected and/or measured in the test sample, the activity being 
indicative of the presence of contaminating mycoplasma (page 7, line 26 to page 8, 
line 7; page 12, lines 22-31; page 13, lines 5-6; Table 2, page 13; page 21, lines 14- 
19; page 30, lines 4-8 and Figure 10; page 34, line 34 to page 35, line 5) The test 
sample is identified as being contaminated with mycoplasma on the basis of 
detection and/or measurement of that activity (page 7, lines 9-10; page 21, lines 1- 
7; Figures 2 and 10). 

Independent Claim 50 also embraces a method of detecting the presence of 
mycoplasma (page 2, lines 2-5) in a test sample (page 6, lines. 28-29; page 14, 
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lines 17-19; and page 15, line 1 to page 16, line 30) in which the test sample is 
treated under a condition sufficient to lyse contaminating mycoplasma but 
insufficient to lyse bacterial cells (page 10, line 12 to page 11, line 5; page 29, line 
15 to page 32, line 13) and then without adding an exogenous reagent (e.g., 
substrates for kinase activity) ADP is converted to ATP, and ATP is detected or 
measured in the test sample using a bioluminescent reaction to obtain an ATP 
and/or light output measurement (page 17, lines 6-9; page 20, lines 26-30; page 24, 
line 11 to page 25, line 18). An ATP and/or light output measurement also is 
obtained from a corresponding control sample (page 17, lines 10-11 and lines 20- 
24; page 20, lines 26-30) and the ATP and/or light output measurement ratio as 
(ATP and/or light output measurement from the corresponding control 
sample)/(ATP and/or light measurement from the test sample) is determined (page 
17, line 12; page 21, lines 1-7; page 34, line 39 to page 35, line 31). A test sample 
is identified as contaminated with mycoplasma in the event that the ratio of (ATP 
and/or light output measurement from the corresponding control sample)/(ATP 
and/or light measurement from the test sample) is greater than one (page 35, line 
31). 

Independent Claim 51 relates to a method of detecting the presence of 
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contaminating mycoplasma (page 2, lines 2-5) in a test sample (page 6, lines. 28- 
29; page 14, lines 17-19; and page 15, line 1 to page 16, line 30) in which the test 
sample is passed through a filter which retains bacterial cells (page 21, lines 21-24; 
page 26, lines 14-23; page 31, lines 14-15; page 32, lines 8-13) and then the 
activity of an enzyme selected from the group consisting of acetate kinase, 
carbamate kinase, and a mixture thereof is detected and/or measured in the test 
sample (page 7, line 26 to page 8, line 7; page 12, lines 22-31; page 13, lines 5-6; 
Table 2, page 13; page 21, lines 14-19), with the measured activity being indicative 
of the presence of contaminating mycoplasma (page 7, lines 5-8; page 21, lines 1- 
3). The test sample is identified as contaminated with mycoplasma on the basis of 
the detection and/or measurement of that activity (page 7, lines 9-10; page 21, lines 
1-7; Figures and 2). 

Independent Claim 54 also embraces a method of detecting the presence of 
mycoplasma (page 2, lines 2-5) in a test sample (page 6, lines. 28-29; page 14, 
lines 17-19; and page 15, line 1 to page 16, line 30) in which the test sample is 
passed through a filter which retains bacterial cells (page 21, lines 21-24; page 26, 
lines 14-23; page 31, lines 14-15; page 32, lines 8-13) and then without adding an 
exogenous reagent (e.g., substrates for kinase activity) ADP is converted to ATP 




which is detected or measured in the test sample using a bioluminescent reaction to 
obtain an ATP and/or light output measurement (page 17, lines 6-9; page 20, lines 
26-30; page 24, line 11 to page 25, line 18). An ATP and/or light output 
measurement is also obtained from a corresponding control sample (page 17, lines 
10-11 and lines 20-24; page 20, lines 26-30) and the ATP and/or light output 
measurement ratio as (ATP and/or light output measurement from the 
corresponding control sample) / (ATP and/or light measurement from the tests 
sample) is determined (page 17, line 12; page 21, lines 1-7; page 34, line 39 to 
page 35, line 31). The test sample is identified as contaminated with mycoplasma 
in the event that the ratio of (ATP and/or light output measurement from the 
corresponding control sample) / (ATP and/or light measurement from the test 
sample) is greater than one (page 35, line 31). 

GROUNDS OF REJECTION TO BE REVIEWED 

(1) Whether claims 1-5, 8-24, 33 and 44 are non-enabled for test samples 
with bacteria and certain eukaryotic microbes growth. 

(2) Whether claims 1, 3, 4, 10, 13, 14 and 44 are anticipated by Kahane 
(FEMS Microbiology Letters, 1978; 3:143-145). 

(3) Whether claims 1-34 and 44-54, i.e., all pending claims under 



9 




examination, would have been obvious under 35 U.S.C. 103(a) over the combined 
teachings from Kahane in view of Ito (Analytical Sciences 2003;19:105-109). 

ARGUMENT 

The Enablement Rejection 

The Examiner concedes that the specification is enabling for detecting the 
presence of mycoplasma contamination in mammalian cell cultures, but finally 
rejects claims that (1) are not focused specifically on the testing of a cell culture, 
(2) are not directed to a cell-free sample, or (3) are not directed to a sample where 
the claim expressly requires that the sample be treated in a way specifically aimed 
at removing or leaving intact bacterial cells. 3 

In making this rejection, the Examiner contends that the specification “does 
not reasonably provide enablement for any test samples with bacteria and certain 
eukaryotic microbes growth (such as fungi, see Ingram-Smith et al., Trends in 
Microbiology, 2006: 14(6):249-253).” 



3 For convenience these are claims 1-5, 8-24, 33 and 44. 
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Ignoring that the cited Ingram-Smith article is a post-filing date reference 
and thus should not be considered as part of an enablement challenge (See In re 
Hogan, 559 F.2d 595, 194 USPQ 527 (CCPA 1977) and United States Steel Carp, 
v. Phillips Petroleum Co., 865 F.2d 1247, 9 USPQ2d 1461 (Fed. Cir. 1989)) and 
even further ignoring the admission by the reference that “these enzymatic 
activities have not yet been demonstrated in eukaryotic microbes” (see page 252, 
right hand column, lines 18-19), applicants fail to see how the potential 
interference from other microbes impacts the enablement of the pending claims. 

The rejection appears to be based on the assumption that the presence of 
bacteria or eukaryotic microbes in a sample would render the claimed method 
inoperative. The Examiner has not provided any evidence that the methods 
embraced by the rejected claims will not identify the existence of contaminating 
mycoplasma. The assumption is based solely on the Examiner’s speculation. 

Indeed, the evidence in the specification is to the contrary. The specification 
demonstrates that the method can be practiced in the presence of bacteria and in 
that circumstance can successfully identify mycoplasma contamination. See 
especially Example 7, pages 29-32, including Figures 10 and 11. Furthermore, the 
application on several occasions teaches techniques for analyzing samples 
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containing bacteria, inter alia, see page 10, line 12 to page 13, line 5. To the 
extent there are other microbes that could potentially complicate the assay method; 
one skilled in the art would recognize that the techniques for accommodating them 
would be the same as those used for bacteria. Claims are not required to include 
limitations that those skilled in the art would consider apparent. In re Skrivan, 427 
F.2d 801, 166 USPQ 85 (CCPA 1970). 

Further, even if the presence of another microbe in a sample caused a 
positive result in the test (presumably because the other microbe contained an 
active enzyme with a similar activity to the mycoplasma enzymes sought to be 
detected), the potential generation of such a possible “false positive” result is not 
indicative of a lack of enablement of the claimed invention. False positive results 
are a potential outcome in many assays and are not indicative that an assay is either 
non-enabled or inoperative. Such results are a fact of life and can be dealt with a 
variety of ways, some of which are described in the specification. 4 In any event, 

4 For bacteria in particular, in addition to the disclosure of using bacterial 
filters or selective lysis, the specification also notes that bacterial contamination 
can be identified independently by the presence of turbid growth or by using phase 
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there is no evidence of record showing that any mycoplasma present in the tested 
sample would not similarly be detected, i.e., that the presence of other microbes 
would prevent the detection of mycoplasma, if present. The only potential 
drawback is that in some particular test, in the absence of further investigation, 
there may be some uncertainty about the cause for the result. That complication, 
however, does not amount to a lack of enablement. 

The disclosure needed to comply with the enablement requirement of 35 
USC 1 12 varies with the scope of the claimed invention. CFMT, Inc. v. YieldUP 
International Corp., 349 F.3d 1333, 1338, 68 USPQ2d 1940 (Fed. Cir. 2003). 
Here, the methods embraced by the rejected claims do not require a foolproof 
assay and thus the claims need not be supported by a specification that requires a 
foolproof result. The rejected claims are enabled. 

The Anticipation Rejection 

For purposes of this rejection, appellants acknowledge that claim 1 can be 
considered representative of the rejected claims. 

A claim is anticipated only if each and every element set forth in the claim is 



contrast microscopy (page 11, lines 7-10). 
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found, either expressly or inherently described, in a single prior art reference. 
Verdegaal Bros. v. Union Oil Co. of California , 814 F.2d 628, 631, 2 USPQ2d 
1051, 1053 (Fed. Cir. 1987); PPG Industriies, Inc. v. Guardian Industries Corp., 
75 F.3d 1558, 1566, 37 USPQ2d 1618, 1624 (Fed. Cir. 1996); Atofina v. Great 
Lakes Chemical Corp., 441 F.3d 991, 999, 78 USPQ2d 1417 (Fed. Cir. 2006). 
The disclosure of the claimed invention in the reference must be so clear and 
unequivocal that a skilled worker is not left to pick and choose among various 
options. In re Arkley, 455 F.2d 586, 587, 172 USPQ 524 (CCPA 1972). If the 
basis of the anticipation is inherency, then the extrinsic evidence must make it 
clear that the missing disclosure is necessarily and invariably present; inherency is 
NOT established by probabilities or possibilities, Crown Operations International, 
Ltd. v. Solatia Inc., 289 F.3d 1367, 1377 (Fed. Cir. 2002); In re Robertson, 169 
F.3d 743, 745, 49 USPQ2d 1949 (Fed. Cir. 1999). 

As recited, claim 1 focuses on a method for detecting the presence of 
“contaminating mycoplasma” in a test sample (see also page 1, lines 8-10 of the 
specification). The recitation of “contaminating mycoplasma” in the preamble of 
claim 1 is re-emphasized in the body of the claim where the detection and/or 
measurement of enzyme activity is “indicative of the presence of contaminating 
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mycoplasma” and a sample is identified as “contaminated” based on that detection 
and/or measurement. 

Appellants contend that by using the terms “contaminating,” 
“contaminated,” or “contamination” in the claims in connection with the detection 
and/or measurement of mycoplasma, the claims, as properly construed, embrace 
only those methods where (1) it is understood that the “test sample” is a sample 
that does not intentionally contain mycoplasma, (2) it is understood that a “test 
sample” is a sample for which it is not known whether it contains mycoplasma 
contamination and (3) it is understood that to the extent any mycoplasma is present 
in the “test sample” it is likely to be present only in a small “contaminating” 
amount. 

The cited Kahane reference fails to anticipate these claims because Kahane 
does not provide a “test sample” within the meaning of claim 1, i.e., a sample that 
must be tested for acetate kinase/carbamate kinase activity to determine whether it 
contains any “contaminating mycoplasma.” Kahane already knew that the 
isolated material tested during the reported research contained acetate kinase, 
because the isolated mycoplasma was cultivated specifically for that purpose. 

Kahane is an academic article relating to the identification and biochemical 
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characterization of acetate kinase in pure mycoplasma cultures. In particular, 
Kahane presents the results of a study aimed at determining whether (i.e., 
assessing the hypothesis that) acetate kinase (AK) acts as a supplier of ATP in 
mycoplasma as it does in anaerobic bacteria. In this regard, Kahane describes the 
cultivation of mycoplasma cells of two species, A. laidlawii and M. hominis (18-22 
hours at 37 °C), harvesting the cells from that cultivation, and the isolation and 
analysis of the acetate kinase recovered from the harvested cells. Kahane thus 
produces an isolated preparation of acetate kinase from pure mycoplasma cell 
preparations of both A. laidlawii and M. hominis and then measures the enzymatic 
activity of the isolated material. Kahane does not suggest, nor disclose analyzing 
a sample not known to contain mycoplasma for acetate kinase activity. 

Claims 1 and the related dependent claims 3, 4, 10, 13, 14 and 44 are not 
anticipated by Kahane. 

The Obviousness Rejection 

Kahane establishes the presence of acetate kinase in mycoplasma - but that 
is all Kahane does. Indeed, Kahane deliberately cultivated pure cultures of 
mycoplasma and isolated a homogeneous preparation of acetate kinase for the very 
purpose of investigating the physiological role played by acetate kinase in 
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mycoplasmas. Working with pure cultures of mycoplasmas and with 
homogeneous preparations of acetate kinase, however, is a far cry from developing 
an assay for determining whether a particular “test sample” that is intended to be 
free of mycoplasma is nonetheless “contaminated” with a mycoplasma. 

In framing the obviousness rejection, the Examiner combines Kahane with 
Ito. Ito relates to a bioluminescent approach for simultaneously assessing acetate 
kinase and pyruvate phosphate dikinase activities. In particular, Ito used acetate 
kinase activity as one of the enzymatic reporters in a tandem immunoassay for 
assaying insulin and C-peptide in a single sample. Ito used pyruvate phosphate 
dikinase from Microbisora rosea subsp. Aerata and acetate kinase from B. 
stearothermophilus. Nothing in Ito links the acetate kinase to mycoplasmas. 

Apparently, it is the Examiner’s position that a skilled worker knowing that 
mycoplasma contamination is a potential problem would have understood (1) from 
Kahane that mycoplasma could be detected by assaying for acetate kinase activity, 
(2) that the Ito assay could be used for that purpose and (3) that running a control 
assay was routine and within the skill of the art. Appellants submit that the 
rejection improperly uses hindsight to select teachings from the prior art and to 
evaluate how those teachings might have been used in combination by a skilled 
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worker. 



As the Federal Circuit cautioned in In re Dembiczak, 175 F.3d 994, 50 
U.S.P.Q.2d 1614 (Fed. Cir. 1999), “[measuring a claimed invention against the 
standard established by section 103 requires the oft-difficult but critical step of 
casting the mind back to the time of invention, to consider the thinking of one of 
ordinary skill in the art, guided only by the prior art references and the then- 
accepted wisdom in the field.” The fact finder must avoid the “insidious effect of a 
hindsight syndrome wherein that which only the inventor taught is used against the 
teacher.” In re Fine, 837 F.2d 1071, 1075, 5 U.S.P.Q.2d 1596, 1600 (Fed. Cir. 
1988). Indeed, in its recent KSR decision (KSR International Co. v. Teleflex Inc., 
127 S. Ct. 1727 (2007)), the Supreme Court also cautioned against using hindsight 
in the patentability analysis stating that “[a] factfinder should be aware, of course, 
of the distortion caused by hindsight bias and must be cautious of arguments reliant 
upon ex post reasoning.” 

Kahane was published in 1978, over twenty-five (25) years prior to 
applicant’s invention. During that time, mycoplasma contamination had long been 
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recognized as a significant though continuing problem, (page 3, lines 17-30 5 ; 
Rottem and Barile (1993) and McGarrity and Kotani (1985) - identified in 
Appendix 2). 

Attempts at solving the problem have included in vitro culturing (page 4, 
lines 1-19); DNA analysis using fluorochrome (page 4, lines 21-31); PCR analysis 
(page 5, lines 1-16); Life Technologies’ MYCOTECT kit, which examines the 
activity of adenosine phosphorylase (page 5, lines 18-30) and immunoassays (page 
6, lines 1-7). As a general rule, these assays are time and labor intensive and are 
complicated to perform. Appellants submit that existence and availability of 
Kahane’s teachings throughout the development of these competing technologies, 
without even a passing reference to the use of acetate kinase/carbamate kinase 
activity as a technique for gauging mycoplasma contamination, is persuasive 
evidence of the non-obviousness of appellants’ invention. 

Appellants submit that this history underscores the fact that a skilled worker 
would never have considered Kahane’s teachings in the context of developing a 
method for detecting small “contaminating” amounts of mycoplasma in a “test 
sample.” Only with the hindsight knowledge of appellants’ invention, would a 

5 See footnote 2. 
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skilled worker (or anyone for that matter) have any basis to identify Kahane or 
any reason for consulting Kahane’ s teachings as potentially relevant to the present 
invention. Kahane’ s selection as a reference by the Examiner represents a classic 
case of the improper use of hindsight. For that reason, the rejection fails to present 
a prima facie case of obviousness. 

Moreover, even if a skilled worker would have found it obvious to 
implement Ito’s bioluminescent approach for measuring acetate kinase activity, in 
place of Kahane ’s relatively crude enzyme-coupled detection system, that 
recognition does not put the present invention in the hands of a skilled worker. In 
that case, Ito’s bioluminescent assay simply serves as an alternative way for 
analyzing the physiological role played by acetate kinase in mycoplasmas. A 
skilled worker would never have considered Kahane’s research in the context of 
developing a method for detecting small, “contaminating” amounts of mycoplasma 
in a sample. 

Appellants also question whether, in the absence of impermissible hindsight, 
a skilled worker would ever have considered Ito in combination with Kahane. As 
with Kahane, Ito has nothing to do with assessing the presence of contaminating 
mycoplasma in a sample. Nothing links these separate, disparate references 
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besides the pending application and the rejected claims. Nowhere in the rejection 
is there any explanation of why a skilled worker would have been motivated, as a 
consequence of these references, to develop an assay designed to assess 
mycoplasma contamination, or why a skilled worker would have selected these 
references in that endeavor. 

The Examiner has therefore failed to present a prima facie case that all of 
the pending claims are obvious. 

Lack of a proper prima facie case of obviousness is especially evident when 
considering the rejection in the context of various other claims directed to 
preferred aspects of the invention. 

The “Control Claims” 

Claims 2, 7-9, 17-24, 33, 50, 52 and 54, in one fashion or another all require 
that the assay be run with a parallel “control sample.” Each of these “control 
claims” requires that information obtained from detecting/measuring the acetate 
kinase/carbamate kinase activity in a “control sample” be compared with the 
activity detected/measured in the test sample. A particular subset of these claims 
are claims 1 9-24 which further require that the control sample have been shown to 
be free of mycoplasma by a separate method. 
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To present a sufficient prima facie case that these “control claims” would 
have been obvious to an ordinary skilled worker, at a minimum, the Examiner must 
explain why a skilled worker presented with Kahane and Ito would want or need 
to run a control sample and would want or need to compare the results of that 
control sample with a second measurement. The Examiner, however, makes no 
attempt to explain how the cited references would have provided motivation for a 
skilled worker to analyze a control sample in tandem with a test sample. Instead, 
the Examiner simply contends that use of a control is “merely a matter of judicious 
selection and routine optimization.” That off-hand remark does not sustain the 
Examiner’s burden of presenting a prima facie case of obviousness. 

Pointedly, nothing in Kahane suggests any need or discloses any benefit 
from performing a control, particularly a control which has been shown to be free 
of mycoplasma by a separate method. Kahane did not need a control because 
Kahane purposefully cultivated mycoplasmas and purposefully analyzed the 
acetate kinase isolated from the mycoplasma cultures in order to assess its level of 
activity and its manner of action. Kahane’s investigation was targeted specifically 
to the study of the role played by acetate kinase in mycoplasmas; it was not 
designed to assess the possible presence of mycoplasma in a sample which was 
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intended to be free of mycoplasma. Nor is there any teaching in the secondary 
reference, Ito to cure this glaring deficiency of Kahane. On that basis, the 
rejection of the “control claims,” especially claims 19-24, for obviousness must be 
withdrawn. 

The “Specific Test Sample Claims” 

Claims 25-31 and 45-48 in one fashion or another all require that the “test 
sample” constitute a very specific material, and in particular a material in which 
the presence of mycoplasma would be an undesired characteristic, ( e.g cultures of 
mammalian or plant cells). The Examiner has not even proffered an explanation of 
why either of the cited references would have motivated a skilled worker to run the 
acetate kinase assays that they respectively describe in the context of the specific 
test samples embraced by these claims. 

Again, Kahane analyzed the disclosed preparations for acetate kinase 
activity only because those preparations were intentionally derived from pure 
cultures of mycoplasma that had been deliberately cultivated for isolating acetate 
kinase. Kahane provides no motivation to use its assay on any sample that is of 
unknown composition, i.e., that is not already known to contain acetate kinase. If a 
sample was not known to contain mycoplasmal acetate kinase, why would Kahane 
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have had any interest in analyzing it? Ito also deliberately chose acetate kinase as 
one of two reporter enzymes for the disclosed immunoassay. Because both 
Kahane and Ito intentionally introduced acetate kinase into the materials each 
intended to assay, it is not surprising that each sought to measure or detect acetate 
kinase in samples of those preparations. There is not a single teaching in either 
reference, however, that would have motivated a skilled worker to perform an 
acetate kinase assay on any of the specific “test samples” or “control samples” 
embraced by the present claims. On that basis, the rejection of the above identified 
specific test sample claims for obviousness must be withdrawn. 

The “Absence of Exogenous Reagent Claims” 

Claims 33, 50 and 54 each requires that the process (assay) be conducted 
“without adding an exogenous reagent to convert ADP to ATP.” Example 5 
describes this technique (page 24, line 11 to page 25, line 17). As with the 
“specific test sample claims,” the Examiner has not proffered an explanation of 
why either of the cited references would have motivated a skilled worker to run the 
acetate kinase assays in the manner embraced by these latter “absence of 
endogenous reagent claims;” nor why a skilled worker would have had a 
reasonable expectation of success in conducting the assay in such a manner. 
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To present a sufficient prima facie case that these claims would have been 
obvious to an ordinary skilled worker, at a minimum, the Examiner must explain 
why a skilled worker presented with Kahane and Ito would have had a reasonable 
expectation of successfully performing the assay without the addition of exogenous 
reagents to convert ADP to ATP. As there does not appear to be any disclosure 
relevant to this issue in either of the cited references, the rejection of the above- 
identified “absence of exogenous reagent claims” for obviousness must be 
withdrawn. 

The “Bacterial Filter Claims” 

Claims 34, 51-54 each requires a step in the process (assay) of “passing the 
test sample through a filter which retains bacterial cells.” As with the “specific test 
sample claims,” the Examiner has not proffered an explanation of why either of the 
cited references would have motivated a skilled worker to run the acetate kinase 
assays in the manner embraced by these latter claims. To present a sufficient 
prima facie case that these claims would have been obvious to an ordinary skilled 
worker, at a minimum, the Examiner must explain why a skilled worker presented 
with Kahane and Ito would have been motivated to perform this step of bacterial 
filtration. Neither reference contains any disclosure that would even remotely 
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suggest a reason for, or the benefit of, performing such a filtration step in 
connection with an acetate kinase assay. As a result, the rejection of the “bacterial 
filter claims” for obviousness must be withdrawn. 

The “Selective Bacterial Lysis Claims” 

Claims 6, 7, 49 and 50 each requires a step in the process (assay) of 
subjecting the test sample to a lysis treatment that is “not capable of lysing 
bacterial cells.” As with the “specific test sample claims,” the Examiner has not 
proffered an explanation of why either of the cited references would have 
motivated a skilled worker to run the acetate kinase assays in the manner embraced 
by these “selective bacterial lysis claims.” To present a sufficient prima facie case 
that these claims would have been obvious to an ordinary skilled worker, at a 
minimum, the Examiner must explain why a skilled worker presented with 
Kahane and Ito would have been motivated to perform this step of selective 
bacterial lysis. Neither reference contains any disclosure that would even remotely 
suggest a reason for, or the benefit of, performing such a step in connection with an 
acetate kinase assay. As a result, the rejection of the above-identified “selective 
bacterial lysis claims” for obviousness must be withdrawn. 
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The “Cell Culture Treatment Claim” 

Claim 33 recites a process for treating a cell culture to remove mycoplasma 
contamination. As with the “specific test sample claims,” the Examiner has not 
proffered an explanation of why either of the cited references would have 
motivated a skilled worker to use the acetate kinase assays in the manner embraced 
by the cell culture treatment of this claim. To present a sufficient prima facie case 
that this claim would have been obvious to an ordinary skilled worker, at a 
minimum, the Examiner must explain why a skilled worker presented with 
Kahane and Ito would have been motivated to perform the required treatment 
step. Neither reference contains any disclosure that would even remotely suggest a 
reason for, or the benefit of, performing such a step in connection with an acetate 
kinase assay. Indeed, treating the sample to eradicate the mycoplasma would have 
been antithetical to the very purpose of the Kahane research studying mycoplasma 
enzymes. As a result, the rejection of the “cell culture treatment claim” for 
obviousness must be withdrawn. 

CONCLUSION 

When hindsight is removed from the analysis, as it must be, one is left with 
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prior art teachings that do not disclose, or even remotely suggest that the claimed 
subject matter could be successfully produced. For the reasons given above, all 
rejections of the pending claims under 35 U.S.C. §§ 102(b), 103(a) and 1 12, Tf 1, are 
improper. The Board of Patent Appeals and Interferences should reverse these 
rejections. That reversal is respectfully requested. 

Respectfully submitted, 

/Joseph M. Skerpon/ 

Date: March 6, 2009 ' By: 

Joseph M. Skerpon 

Customer No. 22907 Registration No. 29,864 
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APPENDIX 1. APPEALED CLAIMS 



Claim 1. A method of detecting the presence of contaminating mycoplasma in a 

test sample comprising: 

(i) providing a test sample; 

(ii) detecting and/or measuring the activity of an enzyme selected from the 
group consisting of acetate kinase, carbamate kinase, and a mixture 
thereof in the test sample, and said activity being indicative of the 
presence of contaminating mycoplasma; and 

(iii) identifying the test sample as contaminated with mycoplasma on the 
basis of detection and/or measurement of said activity in step (ii). 

Claim 2. The method of claim 1 further comprising the following steps 
performed after step (ii) but before step (iii): 

(iia) obtaining enzyme activity information of an enzyme selected from the 
group consisting of acetate kinase, carbamate kinase and a mixture 
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thereof, detected and/or measured in a corresponding control sample; and 
(iib) comparing the activity detected and/or measured in the test sample in 
step (ii) of claim 1 with the activity detected and/or measured in the 
control sample in step (iia); 

wherein the test sample is identified as contaminated with mycoplasma in 
step (iii) if the activity detected and/or measured in the test sample in step 
(ii) is greater than the activity detected and/or measured in the control 
sample in step (iia), that is, the ratio of the activity detected and/or 
measured in the test sample in step (ii) to the activity detected and/or 
measured in the control sample in step (iia) is greater than one. 

Claim 3. The method of claim 1 or 2 wherein detecting and/or measuring the 
activity of an enzyme selected from the group consisting_of acetate kinase, 
carbamate kinase and a mixture thereof in the test sample in step (ii) and/or 
obtaining enzyme activity information of an enzyme selected from the group 
consisting of acetate kinase, carbamate kinase and a mixture thereof in a 
corresponding control sample in step (iia) comprises detecting and/or measuring 
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the appearance and/or disappearance of one or more of the substrates and/or one 
or more of the products of the following reactions: 

(Ri) acetyl phosphate + A Df acetate „ kinase acetate + ATP 

(Rii) carbamoyl phosphate + ADP < carbamat ^ kinase ammonia + carbonate + ATP. 

Claim 4. The method of claim 3 further comprising the step of releasing 
mycoplasma cellular contents into the sample by treatment of the test sample 
with a mycoplasma lysis agent that is performed after step (i) but before step 
(ii). 

Claim 5. The method of claim 4 wherein the lysis agent is a detergent. 

Claim 6. The method of claim 5 wherein the detergent lysis treatment is not 
capable of lysing bacterial cells. 

Claim 7. The method of claim 6 wherein the corresponding control sample is 
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the same as the test sample prior to mycoplasma lysis treatment. 



Claim 8. The method of claim 2 wherein the corresponding control sample is 
the same as the test sample but the step of obtaining detection/measurement 
for the test sample activity information is carried out after a time interval 
following the step of obtaining detection/measurement information for the 
control sample. 

Claim 9. The method of claim 8 wherein the time interval is at least 
approximately 30 minutes. 

Claim 10. The method of claim 1 or 2 wherein the detecting and/or measuring 
step comprises detecting and/or measuring ATP. 

Claim 11. The method of claim 10 wherein the ATP is detected and/or measured 
by a light-emitting reaction. 

Claim 12. The method of claim 1 1 where the light emitting reaction is a 
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bioluminescent reaction. 



Claim 13. The method of claim 10 wherein ADP is added to the test sample 
prior to the detecting and/or measuring step (ii). 

Claim 14. The method of claim 1 or 2 wherein a mycoplasma substrate (MS) 
reagent is added to the test sample prior to the detecting and/or measuring 
step (ii). 

Claim 15. The method of claim 44 wherein the precursor of acetyl phosphate is 
acetyl-CoA. 

Claim 16. The method of claim 44 wherein the precursor of carbamoyl 
phosphate is selected from the group consisting of citrulline, ammonia and a 
mixture thereof. 

Claim 17. The method of claim 13 wherein the control sample is all or an aliquot 
of the test sample to which a mycoplasma reagent has not been added. 
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Claim 18. The method of claim 14 wherein the control sample is all or an aliquot 
of the test sample to which a mycoplasma reagent has not been added. 

Claim 19. The method of claim 2 wherein the control sample has been shown to 
be free from mycoplasma by a separate method. 

Claim 20. The method of claim 10 wherein the control sample has been shown 
to be free from mycoplasma by a separate method. 

Claim 21. The method of claim 14 wherein the control sample has been shown 
to be free from mycoplasma by a separate method. 

Claim 22. The method of claim 19 wherein the control sample has been shown 
to be free from mycoplasma by one or more of PCR testing, DNA 
fluorescence staining, or mycoplasma culture method. 

Claim 23. The method of claim 20 wherein the control sample has been shown 
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to be free from mycoplasma by one or more of PCR testing, DNA 
fluorescence staining, or mycoplasma culture method. 

Claim 24. The method of claim 21 wherein the control sample has been shown 
to be free from mycoplasma by one or more of PCR testing, DNA 
fluorescence staining, or mycoplasma culture method. 

Claim 25. The method of claim 1 or 2 wherein the test sample and/or control 
sample is a cell-culture sample. 

Claim 26. The method of claim 25 wherein cells in the cell-culture sample are 
mammalian cells. 

Claim 27. The method of claim 26 wherein the mammalian cells in the cell- 
culture sample grow in suspension. 

Claim 28. The method of claim 25 where the cell culture is a culture of plant 
cells. 
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Claim 29. The method of claim 25 where the cell culture sample is a sample 
which is derived from a cell culture but is itself substantially free of cellular 
material. 

Claim 30. The method of claim 1 or 2 wherein the test sample and/or control 
sample consists of a cell-free reagent. 

Claim 31. The method of claim 30 where the cell-free reagent is trypsin. 

Claim 32. A process for treating a cell culture to remove mycoplasma 
contamination comprising: treating a mycoplasma contaminated cell culture 
with an agent to remove and/or destroy mycoplasma; and subsequently 
testing a sample from the culture for mycoplasma contamination using the 
method of claim 1 or 2; if necessary, repeating the process of treating one or 
more times until mycoplasma contamination is not detected in a sample. 

Claim 33. A method of detecting the presence of mycoplasma in a test sample, 
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comprising the following steps: 



(i) providing a test sample; 

(ii) without adding an exogenous reagent (e.g. substrates for kinase 
activity) to convert ADP to ATP, detecting or measuring ATP in the 
test sample using a bioluminescent reaction to obtain an ATP and/or 
light output measurement; 

(iii) obtaining an ATP and/or light output measurement from a 
corresponding control sample; 

(iv) determining the ATP and/or light output measurement ratio as (ATP 
and/or light output measurement from the corresponding control 
sample)/(ATP and/or light measurement from the test sample); and 

(v) identifying the test sample as contaminated with mycoplasma in the 
event that the ratio of (ATP and/or light output measurement from the 
corresponding control sample)/(ATP and/or light measurement from 
the test sample) is greater than one. 

Claim 34. The method of claim 1, 2 or 33 wherein the method includes a step of 
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passing the test sample through a filter which retains bacterial cells. 



Claim 44. The method of claim 14 wherein the MS reagent is selected from the 
groups consisting of acetyl phosphate, a precursor of acetyl phosphate, 
carbamoyl phosphate and a precursor of carbamoyl phosphate. 

Claim 45. The method of claim 26 wherein the mammalian cells are adherent 
cells or adherent primary cells isolated from an animal source. 

Claim 46. The method of claim 45 wherein the cells are selected from Vero, 
MRC5, HUVEC, BSMC, NHEK, MCF-7, AoSMC, A549, HepG2, FM3A, 
PC 12, ARPE-19, CHO and COS cells. 

Claim 47. The method of claim 27 wherein the cells are selected from the group 
consisting of K562, U937, HL-60, Cem-7, Jurkats and leukaemic blast cells 

Claim 48. The method of claim 25 where the cell culture is a culture of insect 
cells. 
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Claim 49. A method of detecting the presence of contaminating mycoplasma in a 

test sample comprising: 

(i) providing a test sample; 

(ii) treating the test sample under a condition sufficient to lyse 
contaminating mycoplasma but insufficient to lyse bacterial cells; 

(iii) detecting and/or measuring the activity of an enzyme selected from 
the group consisting of acetate kinase, carbamate kinase, and a 
mixture thereof in the test sample, and said activity being indicative of 
the presence of contaminating mycoplasma; and 

(iv) identifying the test sample as contaminated with mycoplasma on the 
basis of detection and/or measurement of said activity in step (iii). 

Claim 50. A method of detecting the presence of mycoplasma in a test sample, 

comprising the following steps: 

(i) providing a test sample; 
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(ii) treating the test sample under a condition sufficient to lyse 
contaminating mycoplasma but insufficient to lyse bacterial cells 

(iii) without adding an exogenous reagent (e.g. substrates for kinase 
activity) to convert ADP to ATP, detecting or measuring ATP in the test 
sample using a bioluminescent reaction to obtain an ATP and/or light 
output measurement; 

(iv) obtaining an ATP and/or light output measurement from a 
corresponding control sample; 

(v) determining the ATP and/or light output measurement ratio as (ATP 
and/or light output measurement from the corresponding control 
sample)/(ATP and/or light measurement from the test sample); and 

(vi) identifying the test sample as contaminated with mycoplasma in the 
event that the ratio of (ATP and/or light output measurement from the 
corresponding control sample)/(ATP and/or light measurement from the 
test sample) is greater than one. 

Claim 51. A method of detecting the presence of contaminating mycoplasma in a 

test sample comprising: 
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(i) providing a test sample; 

(ii) passing the test sample through a filter which retains bacterial cells; 

(iii) detecting and/or measuring the activity of an enzyme selected from 
the group consisting of acetate kinase, carbamate kinase, and a 
mixture thereof in the test sample, and said activity being indicative of 
the presence of contaminating mycoplasma; and 

(iv) identifying the test sample as contaminated with mycoplasma on the 
basis of the detection and/or measurement of said activity in step (iii). 



Claim 52. The method of claim 51, further comprising the following steps 
performed after step (iii) but before step (iv): 

(iiia) obtaining enzyme activity information of an enzyme selected from the 
group consisting of acetate kinase, carbamate kinase and a mixture 
thereof; detected and/or measured in a corresponding control sample; 
and 

(iiib) comparing the activity detected and/or measured in the test sample in 
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step (iii) of claim 51 with the activity detected and/or measured in the 
control sample in step (iiia); 

wherein the test sample is identified as contaminated with 
mycoplasma in step (iv) if the activity detected and/or measured in the 
test sample in step (iii) of claim 1 with the activity detected and/or 
measured in the control sample in step (iiia), that is, the ration of the 
activity detected and/or measured in the test sample in step (iii) to the 
activity detected and/or measured in the control sample in step (iiia) is 
greater than one. 

Claim 53. The method of claim 51 or 52 wherein detecting and/or measuring the 
activity of an enzyme selected from the group consisting of acetate kinase, 
carbamate kinase and a mixture thereof in the test sample in step (iii) and/or 
obtaining enzyme activity information of an enzyme selected from the group 
consisting of acetate kinase, carbamate kinase and a mixture thereof in a 
corresponding control sample in step (iiia) comprises detecting and/or 
measuring the appearance and/or disappearance of one or more of the 
substrates and/or one or more of the products of the following reactions: 
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(Ri) acetyl phosphate + A Df acetate > kinai>e acetate + ATP 



(Rii) carbamoyl phosphate + ADP ^ aibamat » kinase ammonia + carbonate + ATP . 

Claim 54. A method of detecting the presense of mycoplasma in a test sample 

comprising the following steps: 

(i) providing a test sample; 

(ii) passing the test sample through a filter which retains bacterial cells; 

(iii) without adding an exogenous reagent (e.g. substrates for kinase 
activity) to convert ADP to ATP, detecting or measuring ATP in the 
test sample using a bioluminescent reaction to obtain an ATP and/or 
light output measurement; 

(iv) obtaining an ATP and/or light output measurement from a 
corresponding control sample; 

(v) comparing the ATP and/or light output measurement ration as (ATP 
and/or light output measurement from the corresponding control 
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sample) / (ATP and/or light measurement from the tests sample); and 
(vi) identifying the test sample as contaminated with mycoplasma in the 
vent that the ratio of (ATP and/or light output measurement from the 
corresponding control sample) / (ATP and/or light measurement from 
the test sample) is greater than one. 
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APPENDIX 2. EVIDENCE RELIED UPON 



1. Rottem and Barile, “Beware of mycoplasmas,” TIBTECH , 11:143-151, 
(1993) - introduced on page 3, line 26 of specification, complete citation 
on page 44, item 2). Also introduced by IDS filed August 26, 2004 and 
considered by Examiner (Bin Shen) on December 14, 2006 (attached to 
Office Action dated January 1 8, 2007). 

2. McGarrity and Kotani, The Mycoplasmas, Vol IV, Razin and Barile, 
Eds., Academic Press, pp. 353-390, (1985) - introduced on page 4, line 
27 of specification, complete citation on page 44, item 4). Also 
introduced by IDS filed August 26, 2004 and considered by Examiner 
(Bin Shen) on December 14, 2006 (attached to Office Action dated 
January 18,2007). 
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Beware of mycoplasmas 

Shlomo Rottem and Michael F. Barile 



Mycoplasma infection of cell cultures is widespread and has major detrimental 
effects on cellular physiology and metabolism. Since cell culture is used 
extensively, both in research and in industrial production processes, questions of 
primary concern arise, such as: how can mycoplasma contamination be detected; 
what are the effects of such contamination on cellular functions; what methods are 
available for eliminating contamination? 



Mycoplasmas are the smallest (0.3-0.8 |wn diameter) 
id simplest prokaryotes. The trivial name 
mycoplasma encompasses all species included in the 
class Mollicutes: i.e. the genera Mycoplasma , Achole- 
plasnia, Spiroplasma, Anaeroplasma and Ureaplasma. 
Mycoplasmas lack a rigid cell wall and are incapable 
of peptidoglycan synthesis; they are thus not suscep- 
tible to antibiotics, such as penicillin and its analogues, 
which are effective against most bacterial contaminants 
of cell cultures. They are surrounded instead by a 
single plasma membrane, which has served as an excel- 
lent model for studying lipid organization and func- 
tion in biological membranes 1 - 2 . 

Mycoplasmas were first described almost 100 years 
ago. Yet, despite our long acquaintance with them, 
their nature and taxonomic status have presented a 
continuing enigma to microbiologists 3 . Mycoplasmas 
were originally considered to be viruses because of 
their small size and their ability to pass through filters 
with pores of 450 nm, that block the passage of bac- 
teria. Following the discovery of bacterial L-forms, 
/hich resemble mycoplasmas in their cellular and 
colony morphology, it was suggested that myco- 
plasmas were bacterial L-forms. However, DNA- 
hybridization studies, and the low G+C’content of the 
mycoplasma genome, ruled out any similarity between 
mycoplasmas and the majority of bacteria. It is now 
widely accepted that mycoplasmas evolved from 
Gram-positive bacteria by degenerative evolution that 
resulted in a marked diminution in the size of the 
genome 4 - 5 . As a result of their small size and the 
absence of a cell wall, mycoplasmas are pleiomorphic, 
varying in shape from spherical or pear-shaped cells, 
to branched-filamentous or helical cells (Fig. 1). Since 
genome replication is not synchronized with cell 
division, filamentous forms and chain of beads are 
frequently observed. 



■S. Rottem is at the Department of Membrane and Ullrastructure 
Research, The Hebrew University-Hadassah Medical School, PO Box 
1 172, Jerusalem 91010, Israel. M. F. Barile is at the Laboratory of 
Mycoplasma, Center for Biologies Evaluation and Research, Food and 
D n>g Administration, SS00 Rockville Pike, Bethesda, MD 20892, 
USA. 



The limited biosynthetic capabilities of the 
mycoplasmas make them dependent on their hosts for 
the supply of many nutrients, hence the difficulty in 
culturing mycoplasmas in the laboratory. Most species 
require fatty acids and sterols for growth. The com- 
plex media'-used for culture are usually rich, and con- 
tain components such as beef-heart infusion, yeast 
extract and serum. Defined artificial media have been 
developed for only a few species 6 . 

The size of the mycoplasma genome is the smallest 
recorded for prokaryotes — 600 -1700 kb (Ref. 3) - 
depending on the strain, and with a relatively low 
G+C content, ranging from 23 to 41%. The small 
genome size (in some cases, only a quarter that of 
E. coli) should facilitate the development of myco- 
'plasmas as cloning hosts with potential use in biotech- 
nology 7 . However, the generics of mycoplasmas have 
remained relatively undeveloped until recently, pri- 
marily due to the inadequacy of classical generic 
methodology for studying these unusual organisms. 
Only with the introduction of recombinant DNA 
(rDNA)-techniques has the direct study of myco- 
plasma genomes become possible. Although genome 
analysis, reported to date, has been carried out on only 
a few species, these appear to be representative of the 
entire group. Characteristic features include: (1) a 
small number of genes (e.g. M. capricolum requires only 
400 genes for all essential functions); (2) all 
mycoplasma genomes are extremely A+T rich (G+C 
poor); (3) the organization and structure of essential 
genes are highly conserved among different species; 
and (4) deviation from the universal genetic code - 
the universal termination codon UGA is read by 
mycoplasmas as a tryptophan codon. This could pre- 
sent problems in expressing mycoplasma genes in 
other hosts (e.g. E. coli), where termination could 
occur within coding sequences at Trp codons and, 
conversely, the expression of genes from other organ- 
isms in mycoplasmas could result in translational 
readthrough of termination codons. 

There are several recent comprehensive reviews of 
mycoplasma biology 2 - 8 - 9 . This article focuses on an 
issue of key relevance to biotechnology - the contami- 
nation of cell cultures by mycoplasmas. 
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Figure 1 

(a) Thin section of helical M galhsepuum cells as seen by trans- 
mission electron microscopy. Reproduced. ,vth permission, from 
Ref. 73. (b) Scanning electron miciogrnoh of filamentous M. pneu- 
moniae cells. Reproduced, wjft permission, horn Rel 74 (c! He!' 
cal filaments of S. citri preserve.; 1 b, negative st&nmg »vith ar 
monium molybdate Reproduce: .-.ith pe-missicr. from Pel 7: 



Cell-culture contamination s 

A mycoplasma was first isolated from a contain!- 1 
nated cell culture by Robinson ei al. u \ It is now well? 
established that stable cell lines in continuous culture ' 
are frequently contaminated. In studies carried out ini 1 
the USA at the Food and Drug Administration (FDA) ■ 
over 20 000 cell cultures were examined during thd 
past 30 yean, 15% of which were found to be con-. ’ 
caminated - over 3000 mycoplasma contaminants 
were isolated, detected and speciated". Similar find-? 
ings have been reported by others' 2 -'3, an d even higher-i 
incidences of contamination have been reported in ! 
other countries. Three different surveys in Japan 
showed an incidence of mycoplasma contamination of 
80% (Ref. 14), an incidence of 65% was reported in 
Argentina 15 and, more recently, ~32% of the cell cul- 
tures examined during the past seven years in Israel 
were found to be contaminated (S. Rottem and ; 
M. Wormser, unpublished). 

Contamination of primary cell cultures 
In general, primary cell cultures are less frequently 
contaminated than continuous cell lines. However, 
since many viral vaccines (such as those for measles, • 
mumps, rubella, polio and rabies) are produced in 
primary cell cultures, many countries require such 
cultures to be screened carefully for mycoplasma con- 
tamination before approval can be given for release of 
the vaccine (or other biological intended for human 
use) to the market-place. Of over 3200 primary-cell- 
culture lots examined between 1958 and 1972, 42 lots 
were contaminated, and 51 strains, representing 12 
different mycoplasma species, were isolated and ident- 
ified". 

Contamination of cell lines 

At least 20 distinct Mycoplasma or Acholeplasma 
species have been isolated from contaminated cell 
lines. Ninety-five percent of the contaminants were 
identified as either M. orale, M. arginini, M. hyorhinis, 

M. fermentans or A. laidlawii n u ‘, although the fre- 
quency of isolation of a particular species varies with 
the particular study. For example, McGarriry and 
Kotani 13 isolaced many more strains of M. hyorhinis, 

A. laidlawii and M. salivarium, but far fewer isolates of 
M. pimm or M. arginini than found by us". Ail cell 
types, including virus-infected, transformed, or neo- 
plastic cell cultures grown in monolayers and/or in 
suspension, derived from all host-types examined, arc 
subject to contamination. Mammalian and avian cell 
lines were the most commonly contaminated 
although, on occasions, cell cultures derived from rep- 
tiles, fish, insects or plants were also contaminated. 
Most studies have examined fibroblast cell cultures, 
but epithelial, endothelial, lymphocytic and hybrid- 
oma cell-culture lines have also been found to be con- 
taminated. The information available on the contam- 
ination of cultures of differentiated cell lines is limited, 
and more d3ta are needed before a proper assessment 
can be made. However, mycoplasmas have been iso- 
lated from, or detected in blood lymphocytes. M. orale 
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was isolated from ‘bufiy coats’ of patients with 
leukemia", and M. fermentans, M. pirum and un- 
characterized species were recovered from lympho- 
cyte cultures from patients with AIDS 1 '- 18 . 

Sources of contamination 

Mycoplasma contamination of vaccines presents a 
potential health hazard; consequently, identifying the 
source(s) of contamination is a key concern. The 
probable source of most mycoplasma contaminants in 
primary cell culture is the original tissue used to 
develop the primary cell culture lot. Whereas lung, 
kidney, or liver tend to be mycoplasma-free, the fore- 
skin, the lower female-urogenital tract, or tumor tis- 
sues. are subject to mycoplasma colonization, and 
generally show a higher rate of contamination". 
Nonetheless, contamination from exogenous sources 
also occurs during cell propagation and continuous 
cell cultures are the most frequently contaminated. 

main source of contamination is, in many cases, 
infection by previously-contaminated cell cultures that 
have been maintained and processed in the same lab- 
oratory’ ’* 14 . Mycoplasmas are spread by using labora- 
tory equipment, media, or reagents that have been 
contaminated by previous use in processing 
mycoplasma-infected cell cultures. New cell-culture 
acquisitions should be quarantined, r tested and guaran- 
teed mycoplasma-free before introduction into the 
tissue-culture laboratory. Common experimental 
stock materials, such as virus pools, or monoclonal- 
antibody (mAb) preparations, can also be a key source 
of mycoplasma contamination. As there is no legal 
requirement for suppliers to provide mycoplasma-free 
products, bovine serum should be considered as 
a possible source of contamination. Mycoplasma 
contaminants of bovine serum are primarily bovine 
species, with A . laidlawii and M. arginini being isolated 
most frequently". 

> ,ating and detecting contaminating 
mycoplasmas 

Several different approaches are used to isolate 
mycoplasmas. These include microbiological culture 
procedures, such as growth on agar and broth culture 
media; semi-solid agar-broth medium", and the large 
specimen volume (for screening sera or media) lv ; and 
‘virological type’ cell-culture procedures’ 2 ~ l \ 

Standard culture procedures 

The variation inherent in the undefined, complex 
media"' 21 ” usually used for in vitro culture of 
mycoplasmas is due to batch variation in compounds 
such as sera, or yeast extract. Such variation makes the 
development of defined media attractive. However, a 
key problem has been the supply of lipids in an avail- 
able, but non-toxic form, hence, defined artificial 
media have been developed for only a few species 8 . 

Most mycoplasmas produce microscopic 
(100-400 p-m diameter) colonies with a characteristic 
‘fried-egg’ appearance, growing embedded in the agar, 
although some (e.g. M. pulmonis) may not grow com- 



pletely embedded, and some freshly-isolated pathogens 
(e.g. M. pneumoniae) produce a more granular, diffuse 
colony-type. Since they usually grow embedded, 
mycoplasma colonies can be distinguished from other 
bacteria by: (1) specific colony shape; (2) being diffi- 
cult to scrape from the agar surface. Mycoplasmas 
growing on agar can be identified more specifically by 
immunofluorescent procedures, using fluorophores 
conjugated to species-specific antibodies 23 . 

Cell culture 

Some ‘non-cultivable’ strains cannot readily be 
grown on standard agar or broth-culture media 20 , and 
cell-assisted culture is required for their isolation. Vari- 
ous non-specific cell-culture procedures have been 
developed”-’ 3 , and detection of mycoplasma contami- 
nation exploits the effects of the mycoplasma on the 
cultured cells (such procedures resemble the use of cell 
culture for the detection of viruses). These approaches 
are particulady useful for the identification and detec- 
tion of mycoplasma species that adsorb to host-cell 
surfaces; non-specific stains permit visualization of 
mycoplasrtvas adsorbed to cell membranes. In addition, 
cytadsoibing species have a characteristic infection pat- 
tern and cytopathic effects (CPE). 

Cell-culture systems are a valuable ancillary tool for 
the isolation and detection of mycoplasmas and ‘indi- 
cator-cell culture’ procedures using either VERO 
(African green monkey kidney), or NIH 3T3 cell cul- 
tures have been developed (Fig. 2). These cell lines are 
susceptible to infection by the majority of mycoplasma 
species and are therefore a reliable ‘indicator’ system 
foj detecting mycoplasma infection. These pro- 
cedures 24 are suitable for use with either non-specific 
systems (for example, non-specific DNA stains; 
detecting adenosine phosphorylase activity 23 ) for 
detecting mycoplasmas, or in conjunction with 
mycoplasma-speciation methods (for example, 
immunofluorescent probes). 

Detection methods 

Non-specific detection methods that have been 
reported include staining with DNA-binding fluoro- 
chromes, histological stains, electron microscopy 
and luminol-dependent chemiluminescence"-’ 3 ”’. 

The non-specific DNA-staining procedure using bis- 
benzimidazole (33258-Hoechst) 24 - 2 '’ is simple and , 
inexpensive 12 ( Fig. 3). Whereas poorly cytadsorbing 
mycoplasmas are best detected by growth on agar, or 
in broth media, DNA staining is effective in detecting 
cytadsorbing strains. Thus, attempts to detect and iso- 
late an unknown contaminant should use both 
approaches. 

Biochemical identification methods" 13 are based 
on detecting enzyme activity present in mycoplasmas, 
but absent, or minimal in uninfected cell cultures. The 
enzymic activities measured include: arginine deimin- 
ase; thymidine-, uridine-, adenosine- or pyrimidine 
nucleoside phosphorylase; or hypoxanthine- or uracil 
phosphoribosyltransferase activities 27 . Of these pro- 
cedures. the adenosine-phosphorylase assay is, probably 
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Figure 2 

Scanning electron micrographs of VERO (African green monkey kidney) cells, (a) uninfected cells; (b-d) cells infected with M. fermentans. 
(Bar = 10)xm.} 



the best, but each method has shortcomings. Pro- 
cedures based on the isolation and identification of 
mycoplasmal RNA. or on the comparative utilization 
of uridine versus uracil in contaminated versus 
mycoplasma-free cell cultures have also been sug- 
gested^. 

Biochemical procedures are most effective for 
detecting cytadsorbing mycoplasmas, since the 
infected cells, rather than the culture media, are used 
for assay. These procedures, however, have several dis- 
advantages: not all mycoplasma contaminants are good 
cvtadsorbing agents, and some possess higher levels of 
enzymic activity’ than the host cells. Positive reactions 
are based on arbitrary values, making low levels of 
mycoplasma contamination difficult to detect. 

The use of DNA probes is increasing steadily. Most 
of these probes are based on the mycoplasmal ribo- 
somal RNA genes-*, or are synthetic group- and 
species-specific oligonucleotide probes that are comp- 
lementary to ^NA^ 1 ’. Other genetic probes-’’ - -'-' and 
DNA-hybridization procedures have also been used. 
However, such systems are still at an early stage of 
development and are currently less informative than 
culture techniques. Barile et al. iJ first reported the 
use of immunofluorescence to detect and identify 
mycoplasmas in contaminated cell cultures. A number 
of other immunofluorescence procedures have also 
been reported using species-specific polyclonal anti- 
sera''-’. or monoclonal antibodies, conjugated with 



fluorescein or peroxidase. Gabridge et til.-" detected 
and speciated common cell-culture mycoplasmas 
using an cnzvme-linked-immunoadsorbent assay with 
biotin— avidin amplification on solid-phase micro- 
porous membranes. Other investigators have used 
immunobinding onto nitrocellulose paper", or 
combinations of specific and non-specific staining 
procedures JK . 

Regulatory requirements for human biologies 
Currently, the recommended test requirements for 
biologies in the USA and in some other Western 
countries are as follows: (1) The master- and working- 
cell seed banks must be free of niycoplasmas. ;'2) The 
product-harvest concentrates must be free of 
mycoplasmas. (3) All products produced m cell sub- 
strates, a generic term used for all tissue cells grown in 
vitro, must be tested. This' includes viral vaccines (such 
as poliovirus, adenovirus, measles, rubella, mumps and 
rabies), monoclonal antibodies, immunological modi- 
fiers and cell-culture-derived blood products, such as 
tissue-type plasminogen and erythropoietin : t-.PO). hi 
brief, the harvest concentrate is inoculated onto agar 
medium and into broth that is subcultured periodically 
onto agar media. The indicator-cell-culture system is 
also included in each test. An equivalent procedure is 
acceptable if detailed data presented to the FDA 
demonstrates that it is equal to. or better chan, the 
recommended procedures The current test require- 
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mc,u> and the ‘Points to Consider’ for biologies 
marketed in the USA can be obtained from the 
Division of Bacterial Products. OBR. FDA. Bethesda. 
MI) 20892. USA. 

Effects of mycoplasma infection on ceil cultures 
Effects on cell Junction and metabolism 
Mycoplasmas have long been recognized as com- 
mon contaminants, capable of altering the character- 
istics of cultured cells. The nature of the effects 
depends on the contaminating species and strain of 
mycoplasma, and on the type of cell infected. Many 
Mycoplasma species produce severe cytopathic effects 
(CPE;, whereas others produce very little overt 
cvtopathology, and covert contamination may go 
undetected for months. The biological and biochemi- 
cal activities of the mycoplasma determine the effect 
on cells and the degree of CPE. 

F menting mycoplasmas degrade simple sugars 
rapiuiy and generate copious amounts of acidic 
metabolites that alter cell functions and/or produce 
severe CPE. All mycoplasmas require nucleic acid pre- 
cursors (free bases, nucleosides, or nucleotides), amino 
acids and fatty acids. In addition most mycoplasmas 
have an absolute requirement for sterols'. Myco- 
plasmas use either arginine or dextrine (seldom both) 
an energy source. The growth of mycoplasmas that 
use arginine as an energy source 3 * may deplete the 
medium of arginine rapidly, thus depriving the cell 
culture of an essential amino acid. Arginine depletion 
can affect protein synthesis, and cell division and 
growth. It can also inhibit or stimulate lymphoblast 
proliferation and viral replication. Attachment of a 
mycoplasma to a cel! can alter or disrupt the integrity 
)i the host-cell membrane, causing the cells to be 
ieaky. Frequently, the number of mycoplasmas far 
•exceeds (often by 1000-fold) the number of tissue-cul- 
ture cells in an infected cell culture. Mycoplasmas 
iH :te effectively with tissue-culture cells for 
medium nutrients, thus depriving the cells of essential 
nutrients, resulting in profound effects on cell 
metabolism and function' fe 
Perez et al. 4V observed that the incorporation of 
nucleic-acid precursors in mycoplasma-infected mam- 
malian cell cultures is altered. Hellung-Larsen and 
Fredriksen'" reported similar effects on the incorpor- 
ation of different precursors into the RNA components 
of infected cell cultures, due to precursors being incor- 
porated into mycoplasmal RNA rather than host-cell 
RNA. M. pulmonis affects protein and glucosamino- 
givean synthesis in infected connective-tissue cells 4 -. 
■W orale induces secretion of murine types I and 111 
collagenase in infected N1H 3T3 cell cultures 43 . 

C ! rowel] er n/ JJ suggested that mycoplasma attachment 
to infected cell membranes interferes with membrane- 
recepcor function, or alters signal transduction, thus 
inhibiting the cellular autocrine response. Hatcher 43 
reported that mycoplasma-infected cells secrete larger 
amounts of tissue plasminogen activator (tPA). and 
suggested that this activity may play a role in tissue 
destruction in mycoplasma disease states. 




Figure 3 

VERO cell culture infected with M. hyorhinis, stained with the DNA stain Hoechst 
33258. (Bar = 10 ,un.) 



Effects on morphology 

• Covert infection. Contamination may go undetected 
because mycoplasma infections do not produce the 
overt turbid growth that is commonly associated with 
bacterial and fungal contamination. The morphologi- 
cal cellular changes may be minimal or unapparent. 
Frequently, che cellular changes are similar to those 
caused by nutrient deprivation, such as depletion of 
amino acids, sugars, or nucleic-acid precursors. These 
morphological effects can be reversed by changing the 
medium, or by replenishing the medium with fresh 
nutrients. 

• Oven effects. Collier 46 was one of the first to report 
mycoplasma-mediated CEE. Affected cultures are 
characterized by stunted, abnormal growth and 
rounded, degenerated cells and a macroscopically 
‘moth-eaten’ appearance at the edge of the monolayer. 
Certain strains of M. arginini lvsc cells in some, but not 
all, human lymphoblastoid cell cultures, and the ad- 
dition of arginine to the medium prevents lysis. The 
large amounts of acid metabolites produced by fer- 
menting mycoplasmas reduce the pH of the medium 
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and cause die cell monolayer to detach from the cul- 
ture-vessel surface. 

Mycoplasmas attached to cells release toxic, enzymic 
and cytolytic metabolites direcdy onto the cell 
membrane. Some mycoplasmas selectively colonize 
defined areas of the cell monolayer, resulting in the 
formation of microcolonies, microlesions and small 
foci of necrosis 47 . Microcolonization suggests that 
mycoplasma-specific receptors are localized in defined 
areas of the cell monolayer. However, other 
mycoplasmas, such as M. hyorhinis , attach to every cell, 
producing a generalized CPE and destroying the entire 
monolayer. 

Chromosomal aberration 

Arginine-utilizing and fermenting mycoplasmas 
may induce chromosomal aberrations in vitro. These 
have been observed in: (1) human amnion-cell cul- 
tures infected with an unspeciated mycoplasma; (2) 
human diploid Wl-38 cells, infected with M. orale, A. 
laidlawii, M. hyorhinis or M. pulmonis ; (3) hamster 
fibroblasts infected with M. salivarium; and (4) human- 
lymphocyte cultures infected with M. salivarium, 
M. fermentans, M. arthritidis, or ureaplasmas 1113 . 
Chromosomal breakage, multiple translocation events, 
reduction in chromosome number and the appearance 
of new and/or additional chromosome variants are the 
commonest induced changes. Since histones are argi- 
nine-rich, it was suggested that mycoplasmas may 
exert their effects on cellular genomes.by depleting 
arginine and thus inhibiting hijtone synthesis. How- 
ever, as fermenting mycoplasmas and ureaplasmas also 
induce chromosomal aberrations, other mechanisms, 
including competition for nucleic acid precursors, or 
degradation of host-cell DNA by mycoplasma nu- 
cleases, must be involved. Mycoplasma nucleases have 
been isolated from contaminated cell cultures 48 . 

Although mycoplasmas can induce chromosomal 
aberrations in vitro, attempts to induce tumor forma- 
tion in animals have been uniformly unsuccessful. 
Mycoplasmas can inhibit viral transformation of cell 
cultures by known oncogenic viruses; M. orale inhibits 
the effects of Rous sarcoma and Rous-associated 
viruses in chick embryo fibroblasts. Other mycoplasma 
contaminants reduce the number of foci in simian 
SV40- and polyoma-infected cell cultures' 

Virus propagation in cell cultures 

Some mycoplasmas have no detectable effect on 
viral growth. Others can decrease, or even increase, 
virus yields in infected cell culture"- 13 . The effect 
depends on the strain or species of mycoplasma, the 
virus, and the cell culture used. At least two mech- 
anisms responsible for decreasing viral yields in vitro 
have been identified. The cytolytic, fermenting 
mycoplasmas suppress metabolism and growth, result- 
ing in severe CPE and a decrease in viral yields. 
Arginine-utilizing mycoplasmas decrease the titers ot 
arginine-requiring DNA viruses (including herpes 
simplex virus 4 ' 1 , vaccinia vims 51 ', SV40 virus, adeno- 



virus types 1 , 2 and 5, polyoma virus, and huma||| 
simian cytomegaloviruses 113 ) by depleting a 
from the medium. Changing the medium or rt _ 
ishing arginine reversed the effect. Measles-virus^ 
were decreased by either M. hyorhinis, a cyt||j|| 
fermenter, or by various non-fermenting, argS|| 
utilizing mycoplasmas. Thus, reduction in tite 
caused by more than one mechanism. The ir 
reactivity of varicella zoster virus was also redudej 
mycoplasma-infected cell cultures 31 . Scott efj| 
showed that previously reported immunosuppr ' 
effects by cytomegalovirus were due to mycop||| 
contamination and not the virus. 

Mycoplasmas can increase virus yields by inhibit| 
interferon induction and interferon activity. Sin 
a/. 33 showed that M. arginini or M. hyorhinis 
interferon production, interferon activity, and c< 
resistance to viral infection, resulting in i 
yields ofSemiiki Forest virus (SFV). Mycoplas 
also render cell cultures less sensitive to exogen 
supplied interferon" and can, as a consequence, a_ 
the apparent virus titers obtained by the standard^ 
culture interferon assay 34 . A particular Mycopla" 
species can affect cell cultures in several different v| 

M. hyorhinis can produce CPE and reduce virus yi't 
however, if the CPE is suppressed by changing;.||c 
medium, it can inhibit interferon production (a.nri 
increase virus yields. This phenomenon can be user 
to advantage by exploiting the decreased interfere;', 
induction and activity due to mycoplasma infection 1 !*, 
increase titers of latent, interferon-sensitive viruses" 

Induction of interferon activity 

Interferon expression can be induced ty 
mycoplasma infection in both cell cultures and animals 
Beck er a/. 33 induced interferon by infecting motis; 
spleen-cell cultures with mycoplasmas. Mice inocu- 
lated with a strain of Acholeplasma were protect?! 
against infection with SFV, and resistance to intecap: 
was mediated by the induction of interferon. Lipo- 
glycans present in some Acholeplasma species hav- 
endotoxin-like properties that induce interfere: 
expression in mice. Some species induced an earlit 
response in mice (six hours after inoculation), whi! 
other species produced a delayed response. Con 
versely, viable or non-viable sonicated preparation 
of various Mycoplasma and Acholeplasma specie 
suppressed the interferon response to Newcastle dis 
ease virus in mice. Prior exposure to mycoplasmas ca: 
either suppress, or enhance a virus infection in mice- ,f 

Effect on viral infections . 

Mycoplasmas can also alter the progress of virr 
infections in organ cultures or animals (see Refs 1 1 a"' 
1 2 for citations) with dual infections (mycoplasma an 
virus) causing more damage than infection by eithi 
individual agent. Because mycoplasmas cause destrut 
tive virus-like CPE, many investigators have mistake 
cytolytic mycoplasmas for viruses". Like virusi 
mycoplasmas are filterable, hemadsorbant. henv.it 
glutinant. resistant to certain antibiotics, inhibited 1 
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antinera. able to induce chromosomal aberrations, and 
sensitive to detergents, ether and chloroform. 

[Capikian el a/. 57 showed that the reputed ‘Crohn’s dis- 
ease agent’ was a M. hyorhinis contaminant, and the 
first established mycoplasma pathogens of humans 
(;W. pneumoniae) or animals [M. mycoides subspecies 
mycoides ) and plants were all first believed to be viruses. 

Experimental identification may also prove difficult: 

Svdiskis el al>* reported that a mycoplasma contami- 
nant co-sedimented with mouse mammary tumor 
virus (MMTV) in sucrose density gradients. Thus, the 
virologist must be aware of mycoplasmas and their 
properties to avoid misinterpreting data. 

Effects on lymphocytes 

Biberfeld and Gronowicz 3v reported that M. pneu- 
moniae can activate mouse B cells, and because the 
mitogenic component was heat-stable, it was postu- 
lated to be endotoxin-like. Some Mycoplasma and leagues 71 ' showed that the supernatants of myco- 
,4cf '--olasma species possess membrane-bound lipo- plasma-infected macrophage cultures contained a 
giyi—.is which also have endotoxin-like activity 60 . The potent cytotoxic activity to TNF-a-sensitive L-cells, 
lymphokine-like activity of a Mycoplasma arginini strain but not to insensitive L-cells. They suggested that the 
was reported to enhance immunoglobulin secretion w mycoplasipa-induced TNF-o activity might be 
and Proust et al. b - showed that a soluble ‘lymphokine- responsible for the enhanced cytotoxic activity of 
like product’ in the serum-free supernatant of a T-cell macrophages and could also induce resistance to 
hvbridoma induces proliferation and maturation of B mycoplasma infections in the host 70 , 
cells as a coasequence of mycoplasmal contamination. 

Other mycoplasmas were shown to alter the Fc recep- Elimination and prevention of mycoplasma 
tors for IgE of rat basophilic leukemia cells 03 . contamination 

Ever since mycoplasma contamination of cell cul- 
Effect on macrophages tures was first reported, attempts have been made to 

Mvcoplasmas can affect a variety of macrophage develop methods for the elimination of mycoplasmas, 
activities. The differential induction of bone-marrow including the use of antibiotics such as tetracycline, 
macrophage proliferation by some, but not all, kanahiycin, novobiocin, tylosin, gentamycin, doxy- 
mycoplasmas involves granulocyte-macrophage- cydine, thiayline and quinolones; surface-active 
stimulating factor (GM-CSF) 64 . Several reports have agents; and the use of anti-mycoplasma antisera 1 '- 13 . 
shown that mycoplasmas induce macrophage- Many of the methods were unreliable. Some tech- 
mediated cytolysis of neoplastic cells 1 ’ 3 - 60 , by tumor niques may apply to some, but not all, mycoplasma 
necrosis factor (TNF). Several Mycoplasma and Spiro- species; some of them are laborious and/or time con- 
’’/«• species are very efficient TNF-inducing agents, suming. It was suggested, therefore, that whenever 
jctivdting bone-marrow macrophages to secrete very possible, the infected cell culture should be discarded 
iiigh levels ofTNF-a and to mediate tumor cytoly- and replaced with a mycoplasma-free culture 13 . When 
ms' The capacity to induce macrophage, TNF-a the cell culture is irreplaceable, the use of antibiotic 
■•ccretion resides exclusively in the cell membrane, mixtures, detergents, prolonged heating treatments 
jpparentlv associated with a low-molecular-weight (40— 42°C), treatment with specific antisera, or the 
membrane protein. Mycoplasma membranes and combined use of high-titer, specific, neutralizing anti- 
npopoly saccharide act synergistically to augment sera and a high concentration of a pre-tested anti- 
I'NF-a secretion by C57BL/6-derived macrophages, biotic 11 - 13 are the commonest approaches. One has to 
jiid lipopolysaccharide-unresponsive C3H/HeJ- keep in mind that cell-culture contaminants that have 
derived macrophages were also activated by been continuously exposed to antibiotics develop 
mycoplasma membranes which do not contain resistance to the drug, and antibiotic-resistant strains 
hpopolvsaccharide. These findings suggest that che have been isolated for most mycoplasma species tested, 
mechanism by which mycoplasma membranes ac- Treatment may also induce the selection of a subpopu- 
nvaie macrophages differs from that of lipopoly- lation of cells and the treated cell culture may differ 
uccharide. Further studies showed that human mono- in its characteristics from the original culture, 
cvtes also secrete TNF-ot following activation by Elimination of mycoplasmas from contaminated cell 
mycoplasma membranes. Hommel-Berrey and cultures by passage through nude mice' 1 has been suc- 
brahmi 1 * detected soluble cytotoxic factors generated cessful for some, but not all, mycoplasmas, and by 
bv mycoplasma-contaminated target cells. They dis- some, but not all. investigators. Animals have a rich 
-ussed the significance and relevance of infection on oral and/or urogenital mycoplasma flora. Conse- 
'■atural killer (NK) cell-mediated killing. Arai and col- quentlv, mycoplasmas are frequently isolated from 
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infected or neoplastic tissues. They have also been 
recovered from exudates or ascites, and especially from 
immunosuppressed humans or animals. Passage 
through animals could conceivably contaminate the 
test-cell culture with the indigenous mycoplasma 
flora. Trauma and other stressful conditions permit 
mycoplasmas and other agents to gain entry and infect 
the peritoneal cavity. 

Twelve years ago, we described the selective killing 
of mycoplasmas from contaminated cell culture 72 . The 
•method is based on the selective incorporation of 5- 
bromouracil (5-BrUra) into mycoplasmas, and the 
induction of breaks by light in the 5-BrUra-contain- 
ing DNA. This photosensitivity was greatly increased 
by the binding of the fluorochrome 33258-Hoechst 
' to the DNA. The unusually high content of A+T 
makes the mycoplasma DNA an excellent candidate 
for the induction of breakage by the combined action 
of 5-BrUra, 33258-Hoechst and visible light. 

The measures used successfully for prevention of 
contamination are designed to control the sources and 
the spread of contamination. They are based on good 
laboratory practices’'' 13 and are summarized in detail 
in Ref. 16. 

Conclusions 

Mycoplasma infection is one factor that substandally 
affects the biological properties of cells in vitro. As the 
use of cell cultures is widespread, not only in research 
laboratories, but also in the expanding biotechnologi- 
cal industry, one of the primary concerns of cell biol- 
ogists is whether or not a cell culture is infected by 
mycoplasmas; what the effects ofrsuch infection on the 
cell culture are, and what the methods of eliminating 
the infection are. In this review, we have presented a 
broad overview of mycoplasma-cell interactions, dis- 
cussing mycoplasma infection and contamination of 
cell cultures; the effects of infection on cell function 
and activities, and the common procedures for iso- 
lation, identification and speciation of mycoplasmas. 
It is especially important to emphasize that myco- 
plasma contamination can affect virtually every par- 
ameter arid every function and activity of a cultured 
cell. The prudent investigator must be aware of this 
and should maintain constant vigilance for the pres- 
ence of contamination in order to properly interpret 
data. 
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book reviews 



Protein crystals — more matter and 
less art 

ystallization of Nucleic Acids and Proteins - A Practical Approach 



edited by A. Ducruix and R. Giege, 1RL Press «/ OUP, 1992. UK£25.00 
(xxi it/ + 33 1 pages; IS BIS 0 19 963246 4 



Advances in biotechnology and 
macromolecular engineering over 
the past decade have resulted in a 
large increase in the number of 
biological macromolecules available 
for structural studies. Modem 
instrumentation for X-ray analysis, 
combined with high-speed 
computers, have revolutionized 
data collection and structure 
solution in X-ray crystallography. 
Tlie rate-limiting step in any 
crystallography project is the 
production of crystals that diffract 
to high resolution. 

For many years the crystallization 
of biological macromolecules has 



been regarded as 'an an, rather than 
a science’, due to unpredictable, 
and often irreproducible results. 
Successful crystal growers are often 
regarded as having 'green fingers’. 
From my own experience of 
protein crystallization, 1 would say 
that dogged perseverance is a 
necessary requirement for successful 
crystallization, coupled with a 
measure of intuition and good luck. 
However, in recent years the 
crystallization of macromolecules 
has been put on a more rational 
basis with the emergence 
of the new discipline of 
biocrystallogenesis. This discipline 



covers the biology, biochemistry, 
physics and engineering aspects of 
macromolecule-crysta] growth. 

This book in the Practical Approach 
series is an invaluable contribution 
to the literature in this research 

The major aim of the book is to 
present the methods used to 
obtain crystals of biological 
macromolecules, and although it is 
intended to be read by a wide range 
of scientists, it will be most useful 
for students and beginners in the 
field of crystallization. Detailed 
laboratory protocols are given 
throughout the book with 
reference to the theoretical 
concepts and principles underlying, 
them. The first chapter provides an 
introduction to the crystallogenesis 
ofbiological macromolecules, 
describing the general principles 
and giving a brief historical survey. 
This is followed by a chapter on the 
preparation and purification of 
macromolecules for crystallization - 
a topic of paramount importance 
when initiating a crystallization 
.project. The success, or failure, in 
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APPENDIX 3. RELATED PROCEEDINGS 



There are no related proceedings. 
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APPENDIX 4. JURISDICTIONAL STATEMENT 



This brief is filed in support of the appeal of the Final Rejection mailed 
October 6, 2008. The appeal is authorized by 35 U.S.C. 134(a) and is filed 
pursuant to the Notice of Appeal filed January 6, 2009. The appeal is being filed 
on, or before March 6, 2009 and is thus timely. 
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